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£i Peile.f-rr.cd'.ated plant tranic ci tlon, 

<£: A metrvsc and apparatus b discicsed tcr mt genetic 
Uaniicrmaircn o: ptams anc punt lines by pc Cen mediated 
transtormanon. Foretgn genes are introduced into pofl*n"&y 
coating on earner partices wnica are pnyiicatfy aeeeteraied 
vwo puni poUen. The treated punt poUen is tnen fund poamated 
anc :ne progeny are reesver e4. a portion of *«n esntan in 
tneir genome the (oreign gene. The procedure may be used to 
create geneticafly tngmetred maite plant and anes> 
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WUEN-UEOlATEO PUkNT TRANSFORMATION 



Field Of the Invention 

The present invention relates to the general field 
of genetic engineering of plants and relates, in 
particular to the transformation of exogenous 
genetic material into (he germ fine of a plant line by 
physically introducing Che genetic material into 
pollen of the plant. 



Background of the Invention 

There exists much current effort and research 
being expended toward the geneitc transformation 
of plant species- It is believed that the development 1S 
of efficient means for transforming foreign genes 
into plant gem tines will allow the diversity of the 
genetic stock in commercially important crop 
species to be widened and to allow functional genes 
of specific interest to be selective*/ introduced into 22 
era? spez-.es. Tr.e effort ar.e research to ea:e o tre 
transformation, c? genetic engineering, of pic-: 
species h3S air.-e.ez re*u!ts whicn vs.-/ culte 
cramatlca::-/ cepe^c:.-..- cn the species cf pta-.:. 

The principal mechanism which has been use- 25 
heretofore fcr tr.e introduction of exogenous genes 
into plants has begun with the transformation of 
single plant cells either as protoplasts or in a 
undifferentiated tissue mass known as a callus. 
Chimeric genes functional in plant ceils have been SO 
introduce? into single cell plant protoplasts by 
eleztrcccraticn ar.Z microinjection. However.- the 
mcst wicety usee :rzr.stzrma;:cn technique usee tc 
date has taken acvar.:age ot a natural trail of the 
plant patnogen Acrcoaztcrium tumefaciens . w.nicn Zi 
has tr.e ir.ra'.e ar-:>:y \z tra.-.srer a pernor, v. tr.e 
from a Ti (Tumcr-incucng: plasmic hare or ec in it " 
into an ir..'ez:eZ plant ceil. £y inserting !cre:gr. genes 
into ptasmizs in Acrzzactenum wnicr. carry certain 
sezuencet !rzm 'he Ti p:asm:z. the tacrenal trans- K 
tcrrr.i:;cna :ra.: car ze usee to transzzr: tr.e tzrelr.r 
genes ir.tz tr.e gencme cf tr.e "m. I ec.ee p:an; ceils. 
Acrczacterum -meclatcd plant cea transformation 
has seen Icur.z tc work reasonably wen in many 
mode! crcc species, sucn as tcoazzc. petunia anc 4$ 
carrot, tut cces suffer from two significant limita- 
tions. The firs; tirraisticn is that the meciaticn can 
only be done on an individual cellular level, typically 
. with somatic tissues, which then must be regener- 
ated artificaiiy into a whole plant. This Emits the SO 
applicability of Anrcoacterium -mediated genetic 
transformation to those crop species which can 
readily be regenerated from types of tissues which 
are susceptible to Aqrobacerium infection. A sec* 
ond limitation is that me natural host range of 55 
Aqronacterium induces only dicotyledonous plants 
and a united numner of monocat speees of the 
Ufiaceae family. Thereto* e Aqrooacienun -mediat es 
tranciormatiQn hoc not been proven to be an 
•Itective t oi tor monocot speoes of commercial $0 
interests, such as the cereal crop species. An tner 
Cilficuity wttn Arjfo onrtcnum -meouted transt rma- 
Uons is tn generation o* somoconal vananls. wrucrt 



spontaneously arise in plant tissues in tissue culture, 
wnicn may compficate identification of transfor- 
5 mams. 

It has been demonstrated that at least some 
chimeric gene constructions are effective for ex- 
pression ot foreign genes in most plant cells. The 
functionality of these chimeric constructions in 
to monocots as wefl as tfcots has been demonstrated 
by the transformation of mailt protoplasts in culture 
through such techniques as electro poration. How- 
over, no currently known methodology exists to 
regenerate whole maize punts, or whole plants of 
any other important crop species, from such 
protoplasts. No whole, intact transformed maize 
plants, tor example, are known to have been 
generated. Nevertheless genetic transformation of 
lines of maize and other crop species is a desired 
cojectrve because of the great agr.cuHural value of 
the common crap plants anc tr.e potential to 
improve their va^ue ar.d productivity. 

The*e has t**n at least one suggestion previous 1 / 
that mai:e piznts can be genetics:;-; trans tcrrr.ez oo- 
genetic transfcrmaticn ot the:.* pc^en. Fuciisnee 
PC" patent application V/0 85/C;KS lo CeWe: 
purporteciy describes a mernoc fcr the transfer of 
exogenous genes into Dowering plants by transfor- 
ming the pollen ot the plants. Attempts by others to 
venfy this technique and reproduce the experiment 
have failec. Sanford et aL. Theor. Aool. Genet. . 69 
(5-3). 57 1-7* n$SS|. A report or ore s;rruiar result 
has been maze. Chu, Przz. Na::. Aziz Sci. 

Summary of tr.e Invention 

The pre sen: invention is sur-.ma'izez *m that a 
metr.es ci genetically tan: term:.-. 5 a plan: lire 
comprises tr.e steps of: prepanr.g a 2«A sepuenze 



mz:uZ£z a !c--e:grs gene anc regutatzry secuence 
fez a :r.e C**.A sezue.nza cn:o i:Z'c;:za«^ ine-. • 
^pirTTres: ;nys:zz:!y aczeienstm; tr.e pa-jz:es zs-- \ 
rying the Cna at poflen of the o:ar.; 10 tocge ir.e Si 
partictes in the poflen; pcttinarir.g a female parent t0 
plant wi:r. ;r.e pollen: and select;.-; progeny g 
the pollination lor transform eZ plants. 

The present invention is Viz cirezted tcwa*Z 
maize fines having tuncacnai expressed foreign 
genes inserted in them. 

The present invention is further directed toward 
the genetic transformation of not only maize but 
other important crop plants through pollen trans! or- 
mat ion and without M need lor tissue culture or 
regeneration ot plants. 

ft is an advantage of tha present invention in that 
the process is retative#r Quick and efficient, readily 
verifiable, and r e pa cao te. 

tt is an advantage el the process of the present 
invention and the materials produced therefrom that 
foreign genetic matenal. cttancerucd or uncharac- 
terutd. can reaoxy and rapidty be introduced int 
any desired genenc badigrounc oi maize tor eroo 
breeding, moiecutar teotogy. or other stmiiar agron- 
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crmc or scwftttfic purposes- 
^ optional a<*an,3«e « me 
present invention « that numerous, is. tt^^^ 
S »nstormant events »• waSlWc 
because nt »»: oose * pertonwng ttw ? process * 
contrast to pr** sunutiC-ccO tr*^n*tion tech- 
rtiques Of iwcro-eipicitoi wiiich ai* eWlicUi to 
perform Of require f»B hy-cafl treatment. 

Omtf ohiccts. advantages and leases ol mc 
oresent invents wtfl uwcome apparent front the 
following spectticatton when taken in conjunction 
with the accompany"*) drawings. 

Brief Ocscriptmn ot the Drawings 

Fig 1 t* an csptded perspective view ol an 
apparatus con*tn*:*ft to perform the niethoU 
ot tne present invention. 

Fig. 2 is a schematic iiustration of the 
plasnvfl*maruputatiet\s in the process ol making 

piasrrucpCMCirce. 

Fir. 3 is a schematic aiustraticn of the 
p!asrr.i£ rwipjlatic r>s :n the process of making 
tr.e plasmir: pCMC 



■wtnutl purftnrcil by «w api*cants hem is ttus- 
tratcU m setwrmaur. taarwm ei F»j. 1. The method 
*atraJ»l i*t<* n^kc» use ui a shncw w.nve created 
by fag* wtt-rjit otoaeal .Marge, bi Fig 1. **d 
5 Ameratr e»l*aian a* Hi. e, an ttxtrtcrat r lor 
accefcraumj the «en i*-t*** uainrt »-* 
AUO shown »t Fig. t *«l in-w* e»l»alu€t at 22. ts 
a larget smiucw lu ism^y tr.« po»en target 
thereon. 

fO Thu acceteator tO consists of several parts. A 
spark dbcharga chamber 12 ha* proviceO extending 
toto its aiUfrinr a pa* ol atectmrtes i«. Tne geometry 
ol the spark <fescn*.ge idiatniicr t2 u not believed to 
be en tied to 0w : t ir*scnt fcweniion as tong as the 
15 chamber is ftm&aiwt Ui develop ami present a 
Shnck wave ol pi ftp* cnaiiicter and proper direction 
that it can he us eft to propel me carrier particles. The 
applicants have loumt (hat a section ot 13 millimeter 
•Manor diameter polyvinyl chtohde plastic pipe is 
30 satisfactory lor use as me spark discharge section 
12. The electrodes U ar« extending ooposiiely into 
the kuerier mounted approximately 5 milKmete's 
below me ten ot the spark chaise- t2. Tne 
electrodes therr.iilves are Ic.-rr.es by th:e*c fi- 
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Detailed Cessr-pticr. c* tr.e ir.^.-::an 

tn the practice of potter-mediated p!a:« genenc 
transformation conduced in accordance witn the 
eresent invention. ON a is physically delivered 
the cytoscl of plant pollen, the Ona being carried on 
individual snail particles ol biologically inert material 
Which are accelerated at the pollen so that the 
oartie'es enter the individual pollen ceils but neither 
C-si-v incapacitate therr.. It has hte^ found thai 
ONA caiiveres in s«cr. a fashion will be inccrpa.-aiec* 
ir.*o tre gc-tct:c materai ol the progeny of this 
pcile-.. Thus trar.s:crrr.ir.c poflen in this lashicn 
attcw? !cr tr.e ;e-e:ic e-.r>.etr:r^ of P l?r - 
Gnet. 

There are severa! factors which inituence sue- 
*c*ssi*jl acien-meciates trar.sfsrrrjtic-.s. The mar.- 
m- ir. wn:cr- the parties are acce'erateC is 
p-e-erac v ccre'.-'v arrr-r.ec so Mt the ±z^z-z> 
0NA-sea--.g parses have a prose' mcrr.er.r^. 
and veics:^. and the par tiees thernseives are m a 
re'ativeiv uniform pattern, when contacting the 
pctter. tr^t they penetrate a sigruficc-nt numcer of 
pcaen cetts witncui bioiogicstty Cisodinn merr.. 
Furthermcrt. the CNA en the partictes should te 
suete and caoaole ol transforming plant cefls anc 
expressing the dcsirahle trait in the plant cefls. In 
addition, the ONA itscit may contain a setectaOie 
marker wnicn can be detected in putatrveiy trans- 
formed plant seeds or planttets in orcer to verily the 
apecTtc plants in which genetic tramlcrmaoon has 
ocrjrred. 0 the transformation frequency is high 
enough, such a selectable marker may not be 
* necessary. 

There are many types of mechanical systems 
«mtcn can be envisioned to accelerate biotogicafly 
feert smaQ carrier particfes. Possible mechanisms 
might «r*tu* tatttttie explosive acceleration of 
parttdes. cenintngui accetaratiort ot partides. elec- 
trostatic acceieraiton of partides or any other 
analogous system caoaOJe of providing momentum 
and velocity to srrofl inert partictes. One novel 
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ir.tericr si.-.e-.vc!'. surfaces of me scar< charr.se- U 
wait Use:!. The er.Cs of the tnreasec acts forming. the 
elec^odes U are protected witii an arc resistant 
alloy obtained from higji electric vottage reiay 
30 conuct points cut to a sire of approximately 2 
mffimeters by 2 maiimeters by 3 millimeters and 
soldered to the ends ol the threadec bolls. The gap 
between the electrodes U can be adjusted by 
appropriately tn.*er.C>.r ih* bsits :n*o or out cf the 
25 spar»c 'chair.se- 12. The prelerr-c ca? tor Ciscns-rc 
~ venoge ot aopraiitnatciy IS tctavoits fcetv^eer. the 
encs of the elestrortc: is berween 1 anC l.o 
micirr^e-c. The Tvothcc ^ !csncc::rr a-C mc.:n:ir C 
the eiectroces U the?*se*cs is ctcar'.y s-C;s:t to 
4C w*de vshaiicr.. aitiisugti it ts prefs"ec that the 
eiestrcnec oe h^niy cursote ar.s tr.a: tr.e Cistcr.ce of 
me ss-v< ga:: tvetwe::: the' eitst-ar.as se mt'.-f - 
ac;-.*s:as:e 

A soacer nr..; tS is provice: asove the scar* 
,5 chafer \Z The spacer nng *.6 may Oe constrjcteC 
cut of me same >/C pioe as tr.e susr'.c cr.arr.se- 12 
itsett ano prcierabiy o« cut to a vertical length of 5 
mUUmcters. Ir. a 5ied Hpuaraius fc* tr.r.sfcrrr.ations 
of a singie crap saeces. the ssacer nng *»S ccj!S ce 
SO constructed merely as a vertical extension of the 
spark discriarge cnamher t2. although a removable 
and repiacaaic spacer nng tG allows adjustment of 
the distance Irnm spaik rti*c:iarge to cuirier sheet to 
be varied so Qiat the lotce ol particle acceleration 
55 can be varied by cono^inns or by species. The 
spacer ring 1C may be teft open at the top if a Urge 
earner sheet « « used, but may also advant- 
ageously have its top npering paruaity restricted by 
a sutabte closure lo lorm a rectangular oocmng 
§0 approaenaierf 9 by O m«meters. Ptaced atop the 
spacer is a orw sheet 1ft. The earner sheet i8*s 
a pbmar. igw sf«et termed of suitable size t be 
ptacetl restmg atop me spacer ring 16. The earner 
Sheet t8 is tmmcd ol newbie btot gicarty inert sheet 
4S oatcnal capable of carrying biologically inert small 
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panicles thereon. The carrier U functions to 
transfer the fores ot s mode wave from a spar* 
discharge int acceleration of tnt earner particles. It 
has been found mat tnt carritf shtst 18 may 
advantageously Ot formed from I ma or 0.5 mil 
plastic coaied aiumi«*ed mylar. with the 0.5 mil 
sheets being preferred since in practice they result 
in better penetration into the pollen. As a general 
practice the smaller me actual surface area of me 
carrier sheet 18. the better penetration ts obtained 
by the earner panicles into me pollen. This consider- 
ation regarcing penetration is balanced by me need 
to have me corner sheet of a sire which is easy to 
handle and which provides an impact pattern over a 
targe enough field to be able to impact large 
numbers of pollen cells in inch inc'rvidual injection. A 
carrier sntet size or S by it millimeters has been 
found to provice a good lire yielding good penetra- 
tion in a desirable "impact pattern of the particles 
onto the pctien target. 

The carrier sheet also functions to arrange the 
pattern ci the payees as trey comae: me targe: 
surface. A- even v-^crm pa:t«-n ct pa-t:c:*s is 
hig.-.:y dssirsc : * to ensure ma: as many ce'.'.s en :r.e 
targe: as pessitte are \r.zzc:*-. ir. croer tc 
maximize the yie;c ot trans.'orrr.ants. Ncr.-trar.s- 
(ormed ceils, pcilen or otherwise, may be a; a 
competitive advantage with transfcrmants or may be 
partially desilitatec by me carrier particles. Therefore 
it ts desirous to reacn as close to 100 percent 
injection into the target cells as is possible, and a 
up.tfcrm layer anc r-artern cf panicles en a carrier 
sheet 18 aics th:s elective. 

As to the car.-e- payees tnemsetves. any higr. 
density materia: w..:: is aicic-grcsHy inert sncutc be 



Stainless steel sere n physical mounted in a plastic 
holder appr umateiy 5 mabmtters above the t p t 
the spacer nwg 18. The retainer screen 20 fractions 
to restrain me carrier sheet 18 so mate does not 
5 proceed to me target. 

The target surface 22 is a planar sheet of material 
capable of suspending the target cefls. Le. poHtn or 
other plant cells, tnereon. In practice it has been 
found that an easily useaoie target ts a petri dish 60 
10 millimeters by IS millimeters inverted over the top of 
me assemoiy holding me retainer screen. Spacing 
from me retaining screen 20 to tne target cats on the 
target surface 22 is therefore preferably approxi- 
mately IS mittmeters. Spacing greater man 15 
15 millimeters, under me conditions of voltage and 
atmcsphenc pressure descried below, leads to 
reduced pent:ra:icn of carrier panicles into me 
pollen while a spacing of less man 10 mffimeters 
results in erus.*.ed celts in me event that tht retaining 

20 screen 20 deforms under the force of the Wast. 

If pollen is usee as me target cells, the pollen must 
be acciiec tc :re target in sucr. a fashion that me 
targe: may oe ir.venec w::r. the. pollen rex.iir.ir.; 
viaz:e. Since pe'er. ir. general is 'sensitive tc 

21 r.cisxre. me r.e:r.cc -.sec :c aorers the pci:er. :c 
the target sre j-o be as mc:s:ure-free as possible. It 
has been fevr- mat mineral ail is useful as sucr. an 
acnesive. If a tnin layer of mineral oil is applied to the 
bottcm of a Petri dish to be used as the target 

30 surface 22. pcHen is dusted into the ash. and men 
1 the d;sn overtimed to remove eicess pollen, it has 
been tounc 'mat a relatively uniform monolayer of 
potter gra:ns •emar-.s cn the targe! which w« remain 



acc*o:£o:e ?or use as the Cna carrier panices 
wi; r.:n :r.e cc-.te/t m* preser : ir.venr.cn. K*t:t:.z 
rr.a:e*:ais are preevec. sucr. as tungsten and ;c;c. 
v*h*cr. nave a c*r.*.:y of IS Incium rnigr.t aisc Zz 
pre'erao'-e. hav:rg i oe-.siry value of 22. Out r.as net 
tee- use: oy :r.e 2:: cc-.ts recaus* it .s cr.;y eas:y 
ava::a=.e m a re.s: /*.y course pr.vcer. w-.ersas 
spnencal paruces are preierrec. Tungsten is aiso 
prcoaciy lees ces *aoie compared to gctc because it 
ter.es :c oxicice -n a* in me presence c! even trace 
moisture. S-cr. an oxidation layer on me carrier 
pa.mces teres to bind me panicres together 
causing severe "mc-ease in average particte sue as 
the particles aggregate together. Panicles which are 
Clumped in irregular aggregations are less desiraete 
for the practico ot me present invention since such 
aggregations will vary widely in me:r mass and sice, 
thus teading to ouiicutty in oMaining rtgularty 
replicant* results, tt has nccn louftd that gold is an 
optimal maturtal lor me particles wiitun ma present 
fevemton since it has high density, is relatively inert 
to both biological materials and to otidaiion, and is 
readily ccmmercaBy available m me form of soheres 
having a diameter of 1 t 3 micrometers. Suitable 
Ona sequences may be applied t me goto panicles 
and me goto narttctes may be apphed to me earner 
sheet in a manner wt*cn will be discussed m funher 
detail boiovv 

tocaivd aoovt the earner sheet tS is a retainer 
screen 20. The reta*er screen 20 is a 100 mesn 



in place cur.-; part;c:e injection anC wno remains 
jf viaoie. If ce s c:r.e* mar pollen »re used in th:s 
aooaratus c*er succor: mecia. suc.n as ajar. m« ; * 
Oe ";*» a::*ccr:o:e. 

The er.;:-5 assemoiy or the :art;c:e accelerator -0 
anc me ta*;^ s^^ass 22 mus: oe panaSv* evacuate 0 
40 so as to 2'e .s.r. me fcrce of atmcsonenc Sra; trcm 
s!:w .- ; tr 5 ;z-;c:" 2 s kTZ zt :r.t earner sne*t tS. The 
vac,u". £";, 0 oe or.:** 1 rsr*.a. vacuum sre: • r.iC"- 
vaouum *:.c ces:c*cc:e tr.e ta/;e: pofier. ce.'.s^. 
re nee in; trem ncn-viacie. A vacuum of 46C to -ST/ 
4S miilimete'S 0: mercury has teen tounc sufficent ano 
acvan:a;ec.s. 

In the smpiesr emanation of the operation 
aooaratus c? Pg. 1. me process 0/ finn; me 
accelerator tO begins witn me placement of a drop 
SO 2« of distilled or demintraiioed water between me 
electroces U. The amount of water irust be 
selected so as not to dampen the arc wtucn win 
occur berwten me electroces but yet be d suificent 
volume to create a shock wave ki me lienor ot me 
SS scant chamoer 12 when me discharge does occur. 
The preferred volume of water nas been tound to be 
approaimateiy 2-4 microliters. Tha amount of water 
may be acotieo by pipette suspended between me 
encs of me electrodes M. The water dropkt 2< wnii 
$0 bncge the gao between the eiecv odes and remain m 
place. 

The scacer ring 16 is men placed upon me top of 
me soar* tnamoer 12 and me earner sheet IS <s 
placed on tne t o ot me spacer nngtlTht retaining 
$$ screen 20 is mounted * ptacs $ mrfmeters ao ve 
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th earner sheet 11 and tn« target surface 22 
consisting t tne overturned Petn dsn is placed 
above tnt mounting ol tne retaining screen 20. The 
assembly is then evacuated to 480 mdUmeters ot 
mercury. 

External to tnt apparatus illustrated in Fig. 1, a 
voltage supeiy ts cannected to generate 15.000 volts 
OC. The 15.000 volts 0C is then ap plica to a 1 
microfarad capacitor, which is then disconnected 
from the voltage source. 8y throwing a suitable 
switch, the 15.000 volt cnsrge on the capacitor is 
then applied Between the electrodes 14. 

When the voltage is applies, an electric discharge 
arc jumps between the two electrodes u. The arc 
instantly vaporizes tne small water drop extending 
between the electrodes. A snor.k wove from the 
explosive vaporization of me water erop propagates 
tnrcughcut the interior of the spark chamber 12. 
When the shock wave reaches the carrier sheet 18. 
the carrier sheet "8 is Ultec venicalty erf me spacer 
ring 15 ar.c is accelerate: tcward ;r.e retaking 
screen 2Z V.r.e-. tne career sr.eet IE ruts the 
re:s : n.ng sere*-. 2C tr.e came* S'a :s restrairec" 
in piace ar c m* patic'.es career, cr. tr.e carrier sr.ee: 
12 leave tr.e car-ier sr.ee: ar.c !ty freery acrcss me 
distance :c me ce:!s resting an me target surtace 22. 
tt the apparatus has been property constructed and 
adjusted, and the procedure properly followed, a 
significant percentage of me carrier particles will 
arrive at the target wim a carreer velocity to 
penetrate me ceils carried en the targe! surface 22. 
witr.c-t cettrcyi-rj ar unaccectariie percentage c? 
me ceils. Tr.e ce::s ar. m c target s-rracs 22 rr.ay me.-, 
be rerr.cvec trarr. me tar-e: s.-nace 22 ar.c seiectec 
as arcacriate tc separate trar.s'e.-rr.ar.ts fra.r. 
rc-.-:.-a--*'arrr.arts. If zz"t- is jsec. as ce'e-rec. *:r. 
me process, m* pctien is me*, rerr.cvec trcrr. me 
targe: surface 22 and hare pc&natee arte fertile 
temaie flew ers. sucr. as rr.a.re s:"ks. wrier. w:it men 
se: seta, cr kev.eis. Tr.e z&iz car ce r.a-/estec. 
p:a-:e: arc e.-a.*a : ec Je* me rr.c -arc cgical cr 
bicer.arr.-.aa' tra.ts cana:::cr.ea ay me carr.ee 
or. me carrier panicles mte the peilen. Alternatively, 
immature emeryes stfy te exe.sad from, me c*ve!o- 
ping sees ttsaues ana me e.r.or/cs grown out ir. 
appropriate tissue culture into trail plantiets ar into 
whole plants. Tne plants cr atar.tiers. or tissues frerr. 
them, can men be tested for selection on the basis 
of a selectable marker earned in the ONA trans* 
formed into the poflen ceils. Suitable seiectaele 
markers would include exogenous resistance traits, 
such as herotcde or anuaioiic resistancs. or 
dominant morpnc4ogicai traits whose expression 
can be observed. 

h is to be understood that while tho apparatus of 
Ftg. 1 has been specifically developed for the 
process of patten mediated plant transformation in 
accordance with the present invention, the appara- 
tus itself is ais useful tor accelerated parttcle 
transf rmattonof mer tissue typvs. plant, animal r 
bacterial, an w a ft* apca/atus allows tor easy 
adjustment ot me par nee tcrcc hy varying the 
spacing or me rtscnarge voltage, tt ts reutively 
simple to ouorsie. «rtic*nt end staoi so that results 
may be recreated. 



Within tno pri-kircft |«ncess o* the present 
Invention, the process tu Ji+Jr**) nie Dna sequen* 
ees to the pa»t«uts. tl* process tor layering the 
particles wio trw cart** srvs;t. arwi trws process tor 
5 preparing the DMA ter purj tiansiormauon afl may 
require particular attention E.\ch ct these details will 
be discus 3*»*1 a* hern. 

The ONA sequence ■wturtwg a foreign gene 
prepared *\ the form sutfai-Je lor plant transforme- 
rs tion can be simply dried or.to naked gntd or tungsten 
poftets. However. ONA molecules in such a form 
tend to hav# a ntutiwdv short period of stability and 
tend to oegravte rather rapirsty due to chemical 
reactions with the mttaftic or oxidate substrate of 
IS the panicle itself, tt has N.*n trwmn. by contrast, that 
M the carrier panics are >»s: elated wtth an 
encapcutating agent tne Ona szranes have greatly 
improved sraciUty and do not degrade significantly 
even over a time penon of several weeks. A suitable 
20 encapsulating a^ent has been founc tc be potyfysine 
(mcleauiar we:;:.: 2C0.CCO! wr.icr. car. be apciiec tc 
the carrier panares ae'ere me C^- rr.a*ecules a-e 
applies. Cmer ercact-'a::--^ ar»-:s. pe'ymeric cr' 
ome-A-ise. z t a:sa C:^i: uti*- as sirr.iiar 
25 encapsulating arerts. Tr.e pciy^s.re is applied tc 
the parades Cy rinsing me gs'.c panicles in a 
solution of C.CC^c pc^.ys:ne anc men air drying cr 
heat drying the panictes mus coatee*- Once the 
metallic panicies coated wim pcJytycine have been 
20 property dried. DMA strancs can men be loaded on: a 
the panicles. The ONA may be toaced onto me 
particles a: a rate nf octv.*een 3 and 2T) rrurtrograms af 
ONA per m:;:in:Am cf rja»C beac spiieres. The 
praav.ee hac aeen to ice tc 100 rr.tcragrarr.s ot Dna 
2S and 2C rr.jiligrarr.s or 1-3 micrar. gaic sareres 
precaatad w^:-. ?ciyhfs-ne. sea*.:ent:a^ 5 micraiite'S 
o: *i0 fRM Kcz-.rZ* ar.r. men i tma-ciiers zi :0 mv. 
CaCa to prance a toe Ci.-.PC^ ;-er:pi:i;e wrier. . 
torrr.s as me satuticn cries. The srea:s::a:e carries ^ 
JO the ONA w.r ;t onta me races. Cr.cs tr.e beacs ar c r 
tne pr.eaa-.a-« arc zz z:^rr tr.izrzt se-ut:cn have 
beer, r.-.xe: A-::r. mo Z:^.. tr.e s--sae-.s:an is er:ec 
unoer a ruiregen (N:i stream wim trecuer.t stirring. 
Once driea me precsitate is immec:atety resus- 
45 pencea in :C:-'a etr.c-.c. tar tr.e pracscs o! p:aa--.g 
the pantc.es ante me earner snee:. 

In artefvrir.g the panietes to ma carrier sheet, it is 
preferrec tcr the successtui ocerauen of m.;S 
procedure to form a uniform and reprocucibie layer 
50 of me earner panicle? on me earner sneer. To co 
this, the panietr-s cannot be simply dusted onto me 
carrier snee*.. since tney tend to aggregate and are 
0ms distnnuted unevovy in a iwweproducbie 
tasnion on tne shftet. In paniorfor. moisture or water 
15 content on mo sheet wdl disrupt tho application of 
Oto partides to tne sheet end result in undesirable 
aggregations. Therefore, it ts first necessary to 
prccaat the mylar snet: with a hycroondic coating 
Intended to prevent water spotting wnen apphnng 
$0 she earner panietec. R has been found mat hydroiy 
•fhyt ceOutoso woiWs w*J inr trw pttfpose. although 
ther s*maar trratmcntc. turn as acid riyororyied 
ceomose. are a* so leas&ie A solution of nycroty 
otftyt eeeuoso is wipe* over the oust* coated 
$S a^urr«r*rcc mycv. wi«ci « men nnseo wtin *n»ied 
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<war tr and air dned. The carritr panicles, witn me 
precipitated coiiwg containing me ONA strands, 
suspended in iOO*o etnanol, is than appfied to me 
carrier sneet. It has been lound that SO or 100 
microliters of a wen stirred suspension of tne eihanol 
with tht carrier panicles can bp successfully 
pipetted onto the mytar sheet in a reasonably 
uniform and reproduce fashion. The pipened 
aliquot of this suspension is then allowed to settle in 
a closed petn dish lor at least 30 seconds. The peiri 
dish must be dosed to prevent eddy currents Irom 
forming from room air currents and from a high rate 
of evaporation, such eddy Currents potentially 
causing excessive drifting of the panicles and 
tnerefore a ncn-uniform distribution of panicles on 
the sheet. After tne seuling period, the meniscus is 
broken and me excess emanol is crained away. The 
residual ethancl is removed by evaporation in a 
panialiv cpene-J peiri dish. 

This' process is intenced to place me carrier 
particles ccatec with the ?rec : c.ta;e containing Cna 
strands cr*. the my!a- earner sheet. A gccd media.-, 
rate vv^i" is feu.-.c success?-! wi:r.>. tne press-: 
invention :s ac?rc*:ma:e-y c.i m::::s.-a-r. cf carrie- 
panicles carrying the precipitate and Ona acpiiec rc 
a 9 5y U millimeter area of the carrier sheet. Sucn a 
density cf carrier panicle application tc the carrier 
sheet gets good survival of pollen and also a hign 
penetration of pollen grains by the accelerated 
panicles. The actual acceleration and penetration of 
the grains by the panicles win vary both witn the 
pc;ier. size ar.c C:ame:a*. anc :ne r^rr.zt' of carrier 
particles can cbv?cusiy te var-ec tc g:ve mere or 
fewer -amctes per s.-sis-sec:icr.a« area cf tne targe: 
cells as eesirec. 

Tr.e ~NA. tcr jsa w:tr.:.n tne cese-t ^ve-.tic--. m-st 
be ccnctructcc in a vector acr-ccncre rc egress- 
ion el tr.e er.egen.cus gene in tne ce.:$ c: mates, cr 
whatever ether ptant is be-.r.g utulcec within tne 
present ir.venticn. The C*A sec.er.es ccn te 
cr.;rr.£"c. but !u:: intact nc--:n;m*nc ge-.es !rcm 
ether pants specks cr fir.es cf the same spec.es 
may alsc be used. Vectors suitable fcr excressicn in 
plants genera::-/ must indues. bes;ces tne coding 
sequence cf tne ces:rec exogenous gene, apprepri- 
ate Ranking regulatory secuences such as a suitacte 
prsmoter cacacte of promoting irar.scr.pticn and 
expression in vivo in plant cells and a translation 
terminator capable cf signalling me end of transcrip- 
tion cr tne aco'opnate processing of the Rna in 
such a fashion that will allow sutaete translation of 
messenger to produce protein synthesis, tt has been 
previously demonstrated that plant gene promoters 
capable of causing coding sequence transcription 
and expression in dxcot plant cells are also effective 
fct monocots. sucn as com. on a cefluUr level 
although witn towered efficiency in some eases. 
Fromm et ai.. Proc. Mart. Acad. Sci USA . 
82:53:4-5425. Septemoer ISW. Sue* promoiers 
rictuda me nopaUne tyninase promoter from me 
ptam pathogen A qrooactermtn mmefaciens and me 
CaMv 3SS promoter oerrved tr m me eauWtowcr 
mosaic v*us sequence A suitable temwtauon 
aecuence effective *i plants is me pdyadenytation 
sequence from me nopaime synmase gene of 



Aorobacterium rumefaoens . The plant expression 
vector may als contain a saJecabie marker opera* 
ft* in punt cells to alow tor selection of transfor- 
mant plants. The selectable marker may condition a 
5 trait which may be assayed biochemically or a 
phenotypic trait which may be observed in me 
progeny plant. Clearly if a ncn-cnimenc intact gene, 
with flanking regulatory sequences, from me same 
or another plant is used in me present process, 
to ehtmenc promoter or control sequences are un- 
necessary and me gene may be used wim its native 
sequence. 

. While the process of me present invention has 
been described to particular detail wim regard to 
15 pollen-mediated transformation of mai«. it should 
be understood thai there is nothing intrinsic to me 
process mat is of necessity fimited to mane, anc the 
process is equaBy suHabie for potten transformation 
of other cereal cops as well as dice: caps such as 
22 sovbean and ectten. and mcs: other plants as well. 
The procedure fcr handing poller, cf ether scecles 
may neeC tc ie variec anc the sea: r-; tr.e pans :f 
the'aprtratus cr:t:ca: := csrrie* -irz* velocity may 
r.eec te ce va-iec cepe-e r.g en tr.e s:*: ;s but the 
25 basic apparatus anc precede may ce usee *rr. erne* 
plant species. 

In adCiticn. whiie the prccess cf the present 
invention ts directed toward pciten-meciated plant 
transformation, the apparatus disclosed herein is 
3C equally suitable for use in rrar.sfcrmaticn of other 
plant tissues, such as embryogenie callus or somatic 
embryes. cr any ether plan: cr other tissue in 
culture. 

Since net at! c? the pc wiil have carrier ca.*:;c:es 
2* inser.sd intc the.-, anc since nc: a.', sciten ceils cr 
prcge^y ry^ctes ucta.*e the Cn- intc their 
gencme. i: w»: :e necessar*/ tc *z'it m the prcgeny 
prams a: seme stane te se=ect tcr :rahsrsrmar.:s. Sf it 
ts ces:re: tc tra.-.s:srrr. a grve^ foreign ger.e into a 
*C - p:a.-t. the ge-.e may te inserec ir.tc a chimeric 
excess. c M . vectcr. T>.f ch:.T.er.c excess " ve::c 
ccu:c ".her. ce tra.-.stcrr.ec ~:z car: a :r- w.:-. 
a seiectacle marker ptasmc. such as cCMC 'C22 
describee herein be<ow. The two vectcrs (foreign 
45 gene anc selectasie marke*) ci^ ce Ttgstec :c;e*.her 
to make one pusmic. or tr.e twe vectcrs can be 
dened sesaraieiy anc then acc:iec together to the 
same carrier panicles. In either event, the progeny 
produced are screened for me marker to select 
SO transformed progeny. While me use of such a 
selectable marker may be eesirasie m seme circum- 
stances, it may be omittee if a suiiaeie morphologi- 
cal or biochemical test exists to screen for me 
transformed progeny. A morpnoiogical screening 
55 test eeuld be for a dominant unenotypic trait in me 
progeny. A suitable biochemical screening test 
could be a so-called "Southern* blot nyondiring 
prooe tor me existence of me transforming ONA 
Used « the genome of me progeny plants. 

90 

EXAMPLES 
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A. Antibiotic Resistance. 

Th construction et suitable plant expression 
vectors it illustrated in schematic faanion in Tigs. 2 
and 3. Kg. 2 illustrates, an schematic form, me 
construction of a plant expression vector pCMC 
1203 The construction of tne ptasmid pCMC 12C8 
began wim the digestion of the piasmid p63 32S 
(Bolivar. F. Gene 4 121*136 (1978)) witn the restric- 
tion enoonuctease Taq I. The piasmtd pBS 325 
contains a coding sequence for the antibiotic 
resistance gene chloramphenicol acetyl transferase 
(CAT) wnicn is exists from me remainder of the 
plasmic by Taq I digestion. After digestion or pSft 
325. the fragments were resolved Dy electrophoresis 
in an agarose gel and the fragment containing the 
CAT gene was excised. The CAT fragment was then 
Ugatec into the pUsmid pUC 9 (Viera & Messing. 
Gene . 1S:255-:63 (1982)1 which had previously been 
digested win the restriction encyrr.e Acc I. The 
fragrr.e-.; errs predjeed by Ta~ t ar.c Acc I are 
ccrr.pie.-.er.rsry ir. :r.:s case ar.c ir.^s the stra-cs 
we* 5 iir*:::y iirararie Tr.e res «:?:r.g ciair-.c. c*i.z- 
rater m r-.z) 2. cr,r.ta:r.e; :re CaT zzz.r- 

sec*-i"C2 !:ar.*»c pc.*:icns cf :r.e pc:yiir.*e- 
pL'C 3 This piasmid was digester with ?s: I and Sam 
Ml. and the scalier of the two fragments was isolated 
by ge! electrophoresis. This (ragmen: was then 
Ugated to an intermediate plant expression vector 
pCMC 65. wr.icn had been previously digested with 
Pst I and Earn HI, to form the CAT expression 
piasrr.id zO-'Z 1205. The plasmic rCMC £5 ccr.rair.s 
tr.e r.cca:ir.s syr.tr.ase prcmcter ;Ncs r:\ frcrr. 
Acrccac:»*v;rr turr.etac.er.s anc a r.cpaine synthase 
pc:yacer.y:a;:cr. sec.-er.ee [Pzy a;, trc.r. tr.e sane 
organism, s^rriuncir.g 5:1 plastic -r.ic.-e restr.ctir.n 
sites. Tr.e r:as-;C pC.v.C £5 aisc c«-*r:es a ve:s:cr. z* 
the te:3-:acta-as* ge-.e (fcial wr.icn eicrssse* 
resistance :z tr.e a^.:;t:c:tc arr.pic:*:.-. in cac:e*a. s: 
that amsic:!;;- res s:anc« can be use: as a se.ectic-: 
mav<e* ir. s.csec.ev. .•eccrr.c;r.a:.c-s 2tr.zrr.tz >r. 
£. Cc . 

The :iasrr.x sCaWV ic (Gardner e: ai.. Nucl. Ac:cs 
Fes 9:2Sru23:£;iS-:)) was digested wiin S:u I ar- 
tr.e ?ra;rr.er.; containing :r.t caut:!!cwer mosaic virus 
35 promoter iCa.Mv 25s] was joined to synthetic Xhc 
I olIg:.".wc:ec:;ce Ur.ners. The fragment was then 
digested witn Hpn 1. treated with a Cna polymerase 
to generate blunt ends, and then joined to syntnetic 
Hind 111 oligonucleotide Enkers. Digestion of this 
fragment w»in both Xho t and Hind til produced a 
fragment containing tne CaMv25s promoter and 
transcription start site modified at its ends by the 
addition of tne restriction site sequences. 

The ncpabne synthase promoter was excised from 
pCMC 1205 dy digestion of the ptasmid witn Xho I 
and Hind m. The larger of the two fragments thus 
produced was Ggated witn the CaMvISs promoter 
fragment to produce pCWC 1203. a plant expression 
vector having the CaMOSs promoter, the CAT 
coding sequence and tne nopatine synthase poty* 
adenytation secuence in order. The CaMv25s pro- 
moter anc pcty A sequences serv c as the flanking 
regvUi ry seouences tor the CAT coong secuence. 

Sctn of tne ptasntids pO*C 12C5 and pC^C 1203 
were tested for activity w\ maue by etectrop ration 



into protoplasts, followed fry an assay for CAT 
aOttfy. Beth constructing proved active in mace 
CHs. put pCMC 1306 proved significantly higher *t 
level of activity, and thus was selected for plant 
5 transformation experiments. 

The pUsmc pCMC tCCS was used for the 
poRen-medi«(Cd genetic transformation of mace in 
the apparatus and process of the present invention. 
However, h was found that me assay for CAT activity 
to bad a high o a ck ground level in maize tissue and thus 
the CAT gene was considered not an optimal marker 
in maize. Accordingly, the ptasmid was further 
ffianiputated to insert another antibiotic resistance 
gene, of more selectivity in maize, in the vector in 
is place of mo CAT gene, as illustrated m Fig. 3. 

The pUsmiet pCMC 10S1 cantclns the nopatine 
synthase promoter and the nop aline synthase 
potyadenytation sequence flanking a coding region 
tcr the er.r/rne aminoglycoside-3-phcs;."iotransfer- 
20 ase n (A?ri 3'!!J whic.n ccnditicr.s fcr resistance !c 
aminor.::s;ce a-:itc:;:s s-cr, as Wa-.s-ycir.. 
S.ncs . e'*;trc;ora:;cn exp»*irr.er:s re.ea er tr.i 
CaMv3;« Z'zrr.z\t' IC ti rr.^z~ rrc*» e~*c:;ve 
rr.ai:e tr.ar. tr.e Ncs ?r. it was Ce:ice: :c rrar.s.'er the 
25 Cawv3£s prcrr.oter lo pCMC 1C2: . Tr.e CaMv3;s 
fragment Iron pCMC 130£. as illustrated in rig. 3. 
was bolared dy digestion with Xho I anc Hind Hi and 
isolation &y electrophoresis. The plasmid pCMC 
1021 was also digested with X*io I and Kind til and 
30 the larger fragment isolated and tigated with the 
CaMv 2£s fragment to prctuzt pCV.C 1C22. tr. 
plas^c pCV.C 1C22 tr.e cccir.5 ser.uer.es ' frc.-. 
APK3' 1: is flcr.kec Sy m e register/ Csf.r^£s anc 
Ncs p-. sac.er.cas 
2S The ::asrr.ics pCv.C 12C2 arc pC.VC *C2" we-* 
tstr.ce.r.cr.sirate: :z zt e::ez::ve 'z: t.-*-s:c*r.a::c- 
and ex:-eis:cn in ir.civicja: csi's cf tccscic. ccttc*. 
scybaf. arc ccrr. trrcurr. eiert.-csc.*at;cr. trsr.stc.*- 
maric- jr- r*cteir. asiavs. ?:a-.i cet ; * tra-.i'c-^tec ir 
c-!:-.:; * *r. tr.e a?- :* :ef - :»r 
te rei. tc :<a-.a-y;ir. ccttcr. a*: 
ccm ce^s. 

E. £r.c:s:»-- ccic marka:. 

4; A pusmic referred to as pW£r=i was ccrainec 
wnic.i ccnarr.s ar. acprciimateiy : : K-lccaie tzo = : 
fragment of the maice genorruc 0^A wncr. includes 
the entire gene encoding the enzyme UOP giucose- 
flavortC glucosyt transferase, an er.zyme which is 

SO required lor the s^'nthesis of anthoc/anin pigments 
in com. The genomic fragment contains extensive 
bom r and 3* flanking 0NA and thus is expected t 
bdude appropriate regirfatory sequences effective 
in maise to express the gene. Since the tioned gene 

SS h a M-lengm copy of the normal, functional maize 
gene, it would be expected mat me cloned gene 
would Be My active and function appropriately in 
maze cells. 

The enzyme Hsetf. UOP gkicose*fUvonol gtucosyf 
$0 transferase, is useful as a seiectaote marker for 
genetic transformation in maise because maize tines 
are avaaaoie which carry recessive mutati ns whscr. 
inaawate tne endogenous gene. Since tne enzyme 
is non-essentai tor punt growth and cevtt omeni. 
$3 tne plants of tne mutant fees are normal except for 
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the tack of the md anthocyanin pigments produced 
in various tissues ot wild-type or non-mutant maize 
plants, tntr ductton of me wW-typt gene into 
homozygous mutant Snts rt suits in mt production 
of tnt enryme and thus ultimately the production of 
antnocyanins. so mat transformant plants can be 
easily identified due to their characteristic 
disn witn a brush anc hand pollinated onto the silks 
of female plants of Kaitenberg 390 and CPS 550* 
hybrids. The silks were physically segregated from i 
other pollen. 

From the ears pollinated in this fashion. 52 kernels 
were produced. The immature embryos were ex- 
cised from the ears 1* days after pollination and 
placed in culture on a corn emoryo tissue culture 
medium containing SO pans per million Kanamycin. 
The seectings whic.n grew up on the medium were 
assayed directly for APHT a activity and three 
seedlings assayed positive, indicating the APHT II 
enryme was oeV.g excesses in the tissues of the 
seed'.ing'tr.us incicating successful trans! armaticn 
of mesa piar.ts. 

Cne cf tr.es e p!e-ts w*-« placed c~ a r.e.*.«eiec:;ve 
medium Cc'cre transfer :c a gree.nr.cuse 'or further 
grew..-.. Lesf tissue was analyzed to." cer.tir.wec A?.-: 
3' II activity wr.icr. was positive. 

The presence" of pCMC 1C22 sequences in the 
ON A isolated from this plants and from one plant 
which die net assay positive was demonstrated by 
the Southern hybridization-technique. Southern, J. 
Mel. Sic. 95:502-577 (1S7S). 0NA was isolated from 
centre anc test c=*n lea? samples ry micromc din ca- 
tion -c? tr.e cetyi-tr:metnylammcn:um r.-emice p- cce* 
cure cf Tayicr anc =>e!!, -ecus . {^12\. 1C u: 
of esc* Dna samc;e was c^gestec w-.t.n tr.e restrie- 
tier, e-r/mes Ava I anc. Hind Bl. resctvec by 
e!er:rerneres s :n an ;-!. tra-srer-ec tc a 

nvicn m err. crane, anc hys.icired witn a :: r-iace:e-C 
prece cc.vesce.-.c:r.g to the non-coring stranc cf 
tr.e A?-: II coring region. After warning ;r.e Site?, 
hyo-eon.g "na t.-agments were vis-s re: by auto 
racieg-arr.y. 

The expected U: fragment was net fcunc in 
either piant. However, eacn ct the plants exhibited 
an acc"cx:marery 4kc fragment wnicn hyencicer 
witr. tre APr!-3' il prose anc wmch was no; founo in 
any c? tne control no n- transformed control samples 
of maize 0NA. Cne of tne two plants (tne one 
positive for APH it) also exhibited a 3.7 kb specifi- 
caiiy hytricimg fragment. The fact that the 00* 
served fragment is not me expectec sue is not too 
surpnsing since complex restriction patterns are 
generally oo served for 0NA transacted into piant 
ano animal ceils. Perucno et ai- Cefl. 22:309-317 
(198CI: Kiens et ai.. Piant Mot. Biol . 5:223-22* 
(19651: Pascnowski et ai.. 6MSO J- 32717-2722 
(198-s): Ri«s and Bates Pr c. Natt. Acad. Scl USA . 
S3.5602*i5C6 (10551. furthermore, in eucaryouc 
eatts ONA can be modified, e.g. by methyiation. in 
ways that alter its expected rtstricnon dtrjestion 
pattern Qianuter and Wamot. Proc. Natl Acad. Sci. 
USA. 83 t767-t77t (W8G1. Bom A*a I and Mma ui. 
tnt restriction onoom#cicascs usoU m trus example 
t/t known to bo inittOued by specific metrtyiatien 
witrun tnetr recognition sequences. McCeUand and 



Nelson. Nucleic Aods Wes . I3:r20w207 (19«S). 
The a kb fragment tengtfi is equivalent to me pUsrruo 
unit length of me pCMC 1022 ptasrmd and suggests 
mat these plants coma* tandem* duplicated copies 
\ d mt plasmid. Oigtstion wim either enryme alone 
would then produce me piaamioMengih fragments 
observed. The 3.7 kb fragment appears to result 
from a rearrangement of me plasmic. perhaps at its 
juncture with indigenous mane ONA. 
3 Two additional rep&eates were done utiteng me 
identical procedure as described above with pollen 
from CPS 5504 spurns placed on silks of CPS 5504 
plants. Two plants jenerated from me procedure 
were setecTteat raneom from me plants produced. 
t5 - and were assayed for APH T tt and were analyzed by 
Southern btoL Bom plants failed to show APH 3' 11 
activity but evidenced me 4.0 kb hybndimg frag- 
ment in their genome. 
Another replicate using identical procedues with 
W pollen from AtS3 and a Flint maternal plant again 
resulted in progeny Ircn whicn a plant was selected 
a: raneom Ic analysis. The :esve$ of this plant te«:ei 
pesitive for A?H 3' U and a:s: evicencsC the - - '«Z 
fragment in sr.e Scjtr.err. c c: a-naiysis. 

25 

3. Use of pCMC 1C22 wi:n Ctner Genes 

To transform oiher genes cf interest inia rr.aire or 
other plants, ptasmid pCMC 1C22 may be used in any 
Of several ways. The APhT U coding sequence can 
30 be deleted by digesdon of pCMC 1022 wim Hind 111 
and Earn HI and another gene sequence of interest 
prepared with apsropnata ends can be Seated in its 
piace. U me ;s-e of ir.terts: cm reiscnac'y oe 
se:ec:ec for, tr.e plasmic may then be direct* usee 
2S fc: transformations. L' tr.e gene of interest is 
secarats'y p'ecarec wi:r. ac-orosnare re^-iatcry 
secuences. anc • $s:t::s: e marker is desirec. tr.e 
gene cf inieres: war. its re c/- la: cry sec-jences can 
be inserter in any of tr.e sites in me por/.inicer 
40 uc stream of tr.e CAMv3£s secuence in pCMC «C22. 
Ancf er ai'.e'nstr.e tc ma*e jse of tr.e pC.Vt \ZZ2 
seiec:ac:e mar<e* ;s t: Z'tzi i the ;ene c* ir.:e r e::. 
"m pCVC 1C22 or in any ctr.er plant eioretricn 
vector, anc tc csat pCMC 1C22 and me gene 
4$ expression vector togstr.er ontc earner parties as 
disetesee r.e'ein for transformation into plan: ceils. 

The ?iasm;e pC^C 1C22 was deposited witr. tne 
American Type Culture Collection, 122C1 Parktawn 
Orive. RockviOe. M0. USA. on November U. 1986 
50 under ATCC accession No. 67253. 

The above deposit was made pursuant to a 
contract between the ATCC and tne Ceius Corpora- 
tion, a partner in me assignee ol me present 
hvention. The contract with me ATCC provides for 
55 permanent avaiUbiity of me progeny of these cell 
Ines to the pubfic en me issuance of me US patent 
describing and identrfying me deposit or me publica- 
tion or taying open to me puduc of any US or loreign 
patent application, whichever comes first, and for 
$0 availability I tne progeny of these eel Snes to on 
determined by the U S Cornmissioner c4 Patents 
ano Trademarks to be entitled tnereto according to 
3S USC Section lt2 ano tno Commiss*onef's rules 
pursuant tnereto (Mudng 37 CPA Sec»n t U win 
«5 particular rtf erenca to 8S6 0 G S3SK The assignee oi 
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tnt prtstnt application has agreed that if the ctfl 
bits on deposit should die or bt joator destroyed 
when cultivated under suitable contJUwns. mty will 
bt promptly rtpiactd on notification with a viable 
culture of tnt same celt fine. 

The present invention ts not to be limited in scape 
by the microorganisms deposited, since the de- 
posited embodiment is intended as a single lustra- 
tion of one aspect of me invention and any 
microorganisms which art functionally equnralent 
are witnin the scape of this invention. 

It is also to be understood mat all Past pair sizes 
given for nucleotides are approximate and art used 
for purpose of description. 

In one aspec: tne invention relates to a make plant 
comprising in its genome a foreign gene wherein the 
foreign gene was introduced into the plant by 
physical injection, into the pollen of the pollen parent 
of me plant. The foreign gene ts preferably caated 
onto carrier eartictes accelerated in:c me pollen. 

Tne fareign gene may induce a ceding secuence 
anc a=cre?-:a:e !tanfc:ng regviatcry sequences sc 
tr.a: me zzc\r.* sec-jer.ce is expressec in 'issues cf 
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Claims 



1. A methed of making a genetically trans- 
formed line of plants characterised in that it 
camcrises me steps cf: precaring cccie* cf a 
foreign g**« inducing a cccir.g regie-, are 
ftanking reguiatsry secverees ertectrve tc ex- 
press me casing reg:an in me punt ceils: 
joining cares af me !ere-gn gene tc aicicg~:!y 
inen carrier par.tces; pr.ysca:*.y accelerating 
me parades carrying me gene ccc»es a: pollen 
cf me =!an: in sucr. a fasnicn that seme 
pa-.:e:e: zzzt In me interior a: scr.e cf me 
pa:le.-.; zz ::.-.a::r.g terras organs et the p:a-.: 
w:tr. tne pc;ien se treatec; anc screening 
among me progeny frcm mis pctSnanon fcr 
trar.sicrmec prcgeny. 

2. A memoe as daunts in claim t. cnarae* 
ttnsec in ma: the bicicgiealty inert panides are 
metallic. 

3. A method as claimed in claim 2. charac- 
terised in that tne metallic panides are gold 
spheres. 

a. A method as claimed in either claim 2 or 
claim 3. characterised in that it includes the step 
of coating the metallic panides with an encap- 
sulating agent before tne gent copies are 
joined to them. 

5. A method as claimed in daim 4, charac- 
ttrised in that tne encapsulating agent is 
potyfysine. 

6. A method as claimed in either darn 4 or 
daim 5. ciaracttristd in mat tnt Sttp o< joining 
tne foreign gene caoies to tn metaific panides 
induces crying a sotutt n of the gene espies 
onto the pan ices. 

7. A metnon as daimed in daim &. crura c- 
tensed in thai a s lution of tnt gent copies 
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anctudes CaMPO* w***n ts precpitaied with tn 
gent cop*s onto tne meiaiuc sandes. 

1 A method as eSaimeo in any one of the 
preceding d^ma. cnaracensed in mat me step 
of physicatty acceieraung tne panides includes 
layering tne panides on a planar carrier sheet 
P8). accelerating the earner sneet by impacting 
it with a Shock wave, and restraining me carrier 
sheet such mat the mcmenium of me carrier 
panides carries them from the sneet. 

9. A method as daimed m daim 8. charac- 
terised *« mat me shock wave generated to 
impact me carrier sheet (181 is generatec by 
high-voltage electric discharge through a spark 
gap bridged by a water droplet (24). 

10. A method as daimed in any one of the 
preceding claims, characterised in ma: me step 
of acee!erating me panides at plant pollen 
includes placing a monolayer of pollen on a 
targe! surface and placing ma target surface in 
the acce e*ation path cf me easier panides. 

11. A rr.etncd as etairr.ee m c!a:n tO. cnarac- - 
terisec ay me steps z 1 acc ! y.r.g a laye- C 
miners :.' tc me ta:;e: sumacs. c-.stir.g pe"sn 
merecn. ana removing me excess me'e?rar.. 

12. A r.emcd as euir.ee ir. either daim 10 cr 
daim 11. characterised in mat the step of 
pollinating lemale organs of the plant is accom- 
plished 5y brushing pclien into which panides 
have teen accelerated off the target surface 
with a 'crush and dusting mat pollen onto the 
female c-ga-.s cf a selectee female parent plant. 

12. A r.emoc as da.rr.ee In any one of me 
preeee>.g da:ms. cnaract ens eC in ma: me 
scree- rr; among me pre ger.y is eane an me 
tasis z' a ciccT.e.niaa: assay. 

U. A me mac as eta:r.ee cairn ',2. cr.arac- 
terisec ir. mat me assay is fcr ar.t:cie:ic 
resistance. 

15. A memec as zi&r.tz r. ar.y cne af da ; r:s t 
tc e--ara::er.see ir. r.a: me scree.-:--; 
j— - .»» -rcge *y is ear.* z* the aar.s z 4 a 
morpneiagiea! plant trait. 

16. A memee as ctarr.ec in any ene of the 
preeeeing claims. cr.araeter.sec ir. mat me 
p!an;« are maice. 

17. ?:ants genetically transf armed ay a-r.ethoe 
as eUimed in any one of me preceding daims. 

18. A method of making a genetically trans- 
formed maiee plant characterised in mat it 
ccmpnses the steps of: physically injecting a 
foreign gene inducing a ceding region and 
appropriate regulatory sequences into maize 
pollen trom a male parent plant; hand pollinating 
tnt poutn onto tne mature maiee silks of a 
female parent plant and segregating tnt silks 
trom othtr pollen sources: growing up progeny 
produced from the ttnttiaed female parent 
plant. 

19. A method as daimed in daim 18. charac- 
terised in that me step ol physical injection 
induces jommg copies ol the foreign gene t 
earner panides and accelerating me panides 
at tnt mauxt ponen. 

20. A mttn o as daimed in daim 19. cwac- 
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tensed fa mit the carri«f parades vt gold 
beads coated w»m an encapsulating agent, 
preferably poiytytine. 

21. Maae plants product* by a method as 
claimed in any one of claims 18 to 20. 5 

22. A maizt plant which has a parent pUnl as 
daimed in either claim 17 or cairn 21. 

23. Mat£t poUen comprising in it t foreign 
chimthc cent and at least ont carhtr pa/tide 
which physically carried tht foreign gent Into 10 

me poutn. 

24. Maize pontn as daimed in daim 23. 
characterised in that tht lereign gent includes 
a coding stqutnct and appropriate flanking 
regulatory sequences so that tht coding se- 15 
quence is expressed in progeny ol the pollen. 

25. Apparatus tor injecting earner pa/tides 
carrying ON A into living ceils Characterised in 
that il comprises: a spark discharge chamber 
(12); two eiectrcdes (U) extending into the 20 
spark d : .scna-*ge ci-.amCer anc scacsC apart by 

a spa-* ga=. tr.e esc:rcres telr.g acactec tcr 
a:tacr\me-.; it a- externa: scares cf hicri 
vcitage clscr.a^e: a zi'-.t- sr.es: (: = ■ he'.c 
spared a::.! tr.e spark discharge cr.am.oe;. 2i 
the carrie?- sheet recervi.-.g the carrier particles 
thereon; a retaining screen (20) fixec in place 
above the carrier sheet; and a target surface 
(22) heid space? atove the retaining screen 
(20) and carrying the ceils so that a spark 30 
discharge generating a shock wave in the 
discharge cr.amoer \M\ wiH accelerate the 
carrier sr.es: \*V r.tc the re:a:.-.:r.g scree- (2Ci 
so that tr.e earner particles' are accelerate: ir.tc 
the ce;!s cr. ;r.e suracs (22V 25 
25. Apcaratvs as cta:mec in claim 25. charae- 
tenser that a water r::: e: ;t-) is c:s:cse: 
bridging cetweer. the elecircces ;*.-). 
2". Assaratus as cla.mec ir. either claim 25 cr 
claim 22.' Ch.aracte~.sec in that i: ir.cijdes a *3 
vac.-^m c-amcer ;c a;::* the accsrar.-s to ce 
c s e r at e c -r. a c a tia. va r.-vm . 
22. Ap carats as c:a:mec in any cne sf claims 
22 to 2". characterised in that the scar* gac 
between the electrcces is between 1 and i.£ '5 
millimeters. 

2S. Apcaratus as claimed in any one c? cairns 
25 to 22. characterised in that a scacer ring (16) 
is positioned above the spark discharge cham- 
ber (12) but beicw the earner sheet 118) and SO 
with at teas: a partial opening at us :cp. 
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